At the interaction point of a storage ring collider each beam is subject to perturbations due 10 the electromagnetic field of the counter-rotating beam. For flat beams, a well known approximation models the beam by a current sheet which is uniform in the horizontal plane, restricting the particle motion to the vertical direction. In this classical model a water-bag beam distribution is used to find working points and beam-beam tune shift parameters which lead to a stable beam distribution. We try to find stability criteria for a more realistic Gaussian equilibrium distribution. In order to analyze the instabilities, a 1inearized.Vlasov equation is solved computing radial and angular modes to first order in the displacement from the design trajectory.
BEAM EVOLUTION
the equilibrium distribution and neglecting the term which is a product of two perturbations we find we can treat the penurbation as a part of the perturbed focusing function F(s). In the next step we transform eqn. 5
We model the flat beam as a current sheet which is uni-to action-angle coordinates (8) form in the horizontal direction, x, and consider only motion in the vertical direction, y. Consider one-dimensional = -r + * , , w where we define assuming that $h0 = $,,(J) . In order to stay consistent with our approximations we still have to linearize the remaining integral. In the following discussion we omit the label i. 
COHEWNT BEAM-BEAM INSTABILITY
We solve the.ODE 12 and rewrite the solution in mar trix form suchthat the h e m transport after one turn is described by a matrix T which acts on a column vector G that contatns all g"1,:i.e. G(C) = TG(0) and parametrize the beam-current by introducing the tune shift parameter In Fig. 5 we computed the phase of the largest eigenvalue of 1 = f 2 instabilities (o-mode only) versus the perturbed tune for various Au. The slope of the two lower lines is 2 which indicates that the collective oscillation frequency of the quadrupole mode is twice the single particle oscillation frequency. In Fig. 6 the spread is significantly lower. In an unstable region the imaginary part of the highest eigenvalue vanishes which causes those characteristic plateaus.
RESULTS AND DISCUSSION
In Fig. 1 and 2 we have drawn a point if the absolute value of all eigenvalues of T is smaller or equal 1 for both the o-and the a-mode. The first and second order resonances can he .recognized clearly. Resonances of orders higher than 2 cannot be expected in our linearized model. From the diagrams we conclude that the inclusion of radial modes tends to stabilize the beam In Fig. 3 and 4 we determine whch mode becomes unstable by selecting 
0.1

POSSIBLE EXTENSIONS
We have extended our model to account for damping by synchrotron radiation. In order to obtain the eqnilib- Higher order resonances can be studied by not linearizing the integral in eqn. 9 and assuming that .f* contains only one radial mode. However, this procedure is complicated by the fact that eqn. IO is not an equilibrium anymore. Ignoring these problems one can obtain plots similar to Fig. 1 with higher order resonances. For accelerators with different tunes for thZ rotating and counter-rotating beam a bigger transfer matrix which describes the evolution of the gnl for both beams can be derived easily.
